The catch from bottom longline stations sampled from a series of research cruises around Lanzarote and Fuerteventura (Canary Islands, NE Atlantic) was analysed in terms of fish distribution, density and diversity. The distribution of the number of species and individuals caught per station appeared to fit well the Poisson and Exponential distribution function, respectively. In particular, the parameter of the Poisson's distribution appeared to provide an index of the point (at station scale) diversity, and its confidence interval, allowing for statistical comparisons. The relationships between point diversity, the alpha diversity (in the depth strata) and the beta diversity (along the depth gradient) were investigated. Around the islands, the density and the point diversity of the predator fish declined with depth down to about 800 m and then increased in the deeper stratum. The alpha diversity was the lowest in the deeper stratum but the taxonomic distinctness was similar to that of shallower strata. The beta diversity showed some faunal breaks along the depth gradient. The carnivorous fish fauna can be understood as comprised of three major assemblages: shelf, upper slope and mid-slope that are different both in terms of species composition and point, alpha and beta diversities. The relevance of this simple method for ecological studies of fish assemblage in the context of non-trawlable grounds is discussed, in particular for the slope and other areas of established or developing deep-water fisheries. © 2002 Ifremer/CNRS/Inra/IRD/Cemagref/Éditions scientifiques et médicales Elsevier SAS. All rights reserved.
Introduction
Most ecological studies of fish assemblages addressing the depth and geographical distributions of species, their density, diversity, and the effect of exploitation have been based on trawl sampling. Such studies have been much less advanced in the context of non-trawlable grounds, such as the waters surrounding oceanic islands, seamounts and ridges. In these areas, fisheries exploitation and scientific investigation rely on fixed gears. Examples of such fisheries include both longstanding fisheries, such as the longline fishery for the black scabbard fish (Aphanopus carbo) in Madeira (Leite, 1988; Martins and Ferreira, 1995) and more recent ones (Iglesias and Paz, 1995; Piñeiro et al., 2001 ). Estimating and following up over time the fish diversity in these areas should be of help to assess the sustainability of current and developing fisheries.
Although they are recognized as the only gear that can be used on some rocky or sloping bottoms, longlines are not often used for stock assessment (Hovgard and Riget, 1992) . The reasons for this are their species and size selectivity (Løkkeborg and Bjordal, 1992) , their fixed nature (Hovgard and Riget, 1992) and the role of the fish behaviour in the species composition of the catch and catch rate (Engås and Løkkeborg, 1994; Løkkeborg, 1994) . Their use for ecological purposes is limited too.
The present paper is an attempt to widen the usefulness of longlining data by considering them as a sampling gear for top predators and scavengers. The data from a series of bottom-longlining cruises around Lanzarote and Fuerteventura, Canary Islands (Uiblein et al., 1996 (Uiblein et al., , 1998 are analysed to address the following specific and more general questions: (i) What are the distribution patterns of the diversity and density of predatory and scavenger fish species around the Canary Islands? (ii) How can data from longline surveys be analysed in terms of density and diversity to allow for comparison between different areas or ecosystems? (iii) Can longline data be used for investigating possible changes in fish assemblages caused by fishery exploitation?
To answer these questions, the fish diversity, in the studied area, was compared over different scales using some methods and indices reviewed by Gray (2000) . Here, the point diversity (a single sample) was defined as the diversity for one longline station and the alpha diversity (samples within a habitat) was the diversity within a depth strata. The distributions of the number of species (point diversity) and the number of individuals per station were fitted to the Poisson and Exponential probability distributions, respectively. The alpha diversity was assessed using Hill's and taxonomic distinctness indices (Hill, 1973; Warwick and Clarke, 1995) . The beta diversity was studied in terms of species richness. Two aspects of the beta diversity (see Gray (2000) for a review of definitions and usages) were studied: the participation of the difference between stations to the alpha diversity and the turnover diversity from one depth stratum to the next. The advantages of these distributions and indices were discussed and briefly compared with alternative approaches, such as indicator species.
Materials and methods

Data
Two hundred stations were distributed along 21 transects perpendicular to the coastline and an additional 23 stations deeper than 800 m were concentrated to the SE of Fuerteventura off Gran Tarajal (Fig. 1) . Each station was sampled with a 300 hook longline, details of the sampling methods are in Rico et al. (1999) . Five depth strata, S1 to S5, were defined using a simple process (Lorance et al., 2001) . Their depth ranges were: 22-224 m; 278-437 m; 495-594 m; 656-777 m and 816-1208 m. A correspondence analysis (CA) showed a depth effect in S1, which was then subdivided into two substrata S1a and S1b, which were shallower and deeper than 100 m, respectively. The CA did not detect any geographical patterns in fish distribution around the Islands (Lorance et al., 2001 ). All sampling stations and fish species caught were processed (there were some zero catches) including a small number of pelagic species (Uiblein et al., 1996) .
Point diversity and fish density
The catch of one species by a single longline haul can be considered as a rare event, so the total number of species caught should follow the Poisson distribution. The probability of obtaining k species in a station is expressed as:
Where λ is the mean of the distribution, which is equal to the variance of the distribution.
Although the number of individuals caught per sample is also a discrete variable, the shape of its distribution was closer to the Exponential distribution. For x > 0, the exponential probability density function is given by:
Where θ is a positive parameter. The expectation of x is µ = E[x] = 1/θ and its variance is 1/θ 2 . The Poisson distribution was fitted to the frequency distribution of the number of species in each stratum and in the whole area. The cumulative distribution of the number of individuals caught in a stratum was fitted to the Exponential cumulative distribution function.
The curve fitting toolbox of MATLAB software was used to estimate the parameters using a non-linear optimisation algorithm.
Alpha diversity
Considering that depth strata are habitats, the diversity per stratum is an alpha diversity in the sense of Whittaker (1960) . This diversity was estimated from some of Hill's indices (Hill, 1973 ).
Hill's indices can be expressed from one single equation:
Where a is the order of the diversity index, p i is the relative abundance of species i in the sample, n is the total number of species present in the sample.
With the notation from this author, the species richness is denoted N 0 ; N 1 is the exponentiation of the Shannon index; N 2 the reciprocal of the Simpson index; N ∞ is the reciprocal of the relative frequency of the commonest species.
Evenness was also estimated according to Hill (1973) , any number of the following form is an evenness index:
Where E a,a-1 (S) are evenness indices and N a (S) diversity numbers for stratum S.
Any ratio of N a numbers is an evenness index. E 2,1 is more suitable than the usual E 1,0 because it is less dependent on sample size (Hill, 1973 ).
In addition to Hill's indices, the ∆ and ∆* taxonomic distinctness were computed (Warwick and Clarke, 1995) :
Where w ij is a weight factor given for the taxonomic distinctness between species.
Following Hall and Greenstreet (1998) , for species in the same genus w = 1; for species in different genera but the same family w = 2; for species in different families, but the same order w = 3; for species in different orders w = 4.
Beta diversity
Two facets of the beta diversity were studied. The participation of the difference between points to the alpha diversity was estimated as (Gray, 2000) :
Where S is the beta diversity within stratum S; N 0S is the species richness in stratum S; λ is the average point species richness in stratum S.
S is clearly sensitive to the sample size, as when more stations are sampled in one stratum, N 0S tends to increase while λ remains stable.
The change in alpha diversity along the depth gradient (the turnover diversity), was assessed as:
Where D is the beta diversity along the gradient from stratum S to stratum T; G is the number of species gained when passing from stratum S to stratum T; L is the number of species lost when passing from stratum S to stratum T; N 0S and N 0T are the species richness is strata S and T.
Indicator species
The specificity and fidelity of each species s compared to each cluster of stations (corresponding here to a depth stratum) can be measured by the values SP j,s and FI j,s , respectively:
Where NI j,s is the mean abundance of species s across the stations relating to stratum J; NI +j is the sum of the mean abundances of species s in the various depth strata; NS j,s is the number of stations in J where the species s is present; NI j+ is the total number of stations in that depth stratum.
The specificity value (SP j,s ) is maximum when the species s is present in depth stratum J only, whereas the fidelity value (FI j,s ) is maximum when the species s is present at all stations of J.
The specificity and fidelity represent information independently from one another, their product multiplied by 100 produces the indicator value IV j,s (Dufrêne and Legendre, 1997) :
This index, varying from 0 to 100 was used to identify the indicator species for each depth stratum.
Results
Point diversity and density: probability distributions
The fits of the Poisson density function to the number of species per haul per stratum were very good (Table 1; Fig.  2 ). Along the depth gradient, there was a consistent trend of declining λ (point diversity) from S1 to S4 followed by an increase in S5. The confidence intervals of λ clearly show that the changes with depth are statistically significant. The fit to all the stations was slightly poorer than in any individual stratum except for S3. In other words, the point diversity followed better a Poisson's probability distribution when depth was approximately constant.
The fits of the exponential distribution to the number of individuals per station in a stratum were also good. The cumulative distributions were in agreement with the observations (Table 1; Fig. 3) , and R_ values were high except in the strata S1 and S5. The R_ for the entire data set was higher than the average of the strata. The mean µ, showed the same pattern of variation with depth as λ. The changes from one stratum to another were statistically significant except between S1 and S2.
Alpha diversity
N 0 , decreased from 53 in S1 to 5 in S5; also N 1 decreased but at a lower rate (Table 2) . Based on N 2 , the diversity in S1 appeared to be lower than in S2 indicating a stronger dominance structure in S1. The last index of the Hill's series (N ∞ ) reflected the high dominance of the most common species in S1 and S5 (respectively Pagrus pagrus and Mora moro).
Evenness increased from S1 to S4, then decreased in S5 ( Table 2 ). The evenness in S1a and S1b were respectively, lower and higher than in S1. Evenness was higher in S1b than in S1a. For the whole area, its value was close to that in S1 and lower than in S2-S5.
The ∆ index behaved intermediately between N 1 and N 2 (Table 2 ) indicating a stable diversity from S1 to S4 then a drop in S5. The pure taxonomic distinctness index ∆* was quite stable over the 5 strata.
Beta diversity
S was the lowest in S5, meaning that in this stratum the total species richness can be observed from a few sampling units (stations). S was intermediate in S1 and S2 and high in S3 and S4. In the sub-strata S1a and S1b, S was lower than in S1 (Table 3) . D , in other words the replacement of species, was the smallest between S2 and S3 (Table 3 ). The change from S1a to S1b was similar to that between S1 and S2 (shelf break). The similarity of S2 and S3 indicates that these strata were little different in terms of species composition although the point diversity and the density were significantly lower in S3 than in S2. Beyond the shelf break, the change increased with depth and was the highest between S4 and S5 (4 of the 5 species caught in S5 were not caught shallower).
Indicator species
There were few indicator species. Four species were indicators of S1, 2 of S2 and 3 of S5. The intermediate strata S3 and S4 had no indicator species (Fig. 4) . Indicator species of S1 were all specific to this stratum (Specific- Fig. 3 . Observed cumulated distribution of the number of individuals per station (diamonds), and their fitting curve (continuous line) to the cumulated exponential probability function in the 5 depth strata. Table 2 Hill's diversity indices of order 0, 1, 2 and +∞, taxonomic distinctness indices (∆ and ∆*) and evenness indices per strata and in the sub-strata of S1 (see text) ity = 1) and had indicator values ranging from 81 for Pagrus pagrus to 21 for Muraena helena. The two indicator species of stratum S2 had an extended depth range (Fig. 4) and moderate fidelities resulting in quite low indicator values (44 for Helicolenus dactylopterus, 20 for Lepidopus caudatus). Indicator species of S5 were almost completely restricted to S5 (specificity equal or very close to 1). However, with the exception of Mora moro (IV = 72), they had low indicator values (44 for Synaphobranchus kaupi, 39 for Aphanopus carbo) due to low fidelities.
Discussion
Depth distribution and diversity of carnivorous fish around Lanzarote and Fuerteventura
The size of the fishing gear used to sample the stations was small enough to: (i) consider that it clearly was a sample of point diversity and (ii) produced the necessary data and the required conditions for the application of the Poisson distribution (see e.g., Elliott, 1977) .
Although, Mora moro was considered as aggregated on its spawning ground (Uiblein et al., 1996 (Uiblein et al., , 1998 in S5, this aggregative character should be regarded as a scale question. Indeed, the number of fish caught per longline was still relatively low. All Hill's indices were low in S5. This is caused by a low number of species (low N 0 and N 1 ) and a high dominance structure (low N 2 ). The two evenness indices tracked each other quite well suggesting that the sensitivity of E 1,0 to the species richness was not too strong in our case. In previous studies, ∆ and ∆* were successfully used for benthic invertebrates (Warwick and Clarke, 1995) . However, when used for fish diversity they did not add extra information with respect to Hill's indices (Hall and Greenstreet, 1998 ). This could have been a consequence of the narrowness of the taxon 'fish' or of the special case studied. Here ∆ suggested the same trend as Hill's indices but ∆* was very similar in S5 (with only five species) and S1-S4. Considering that the taxonomic diversity reflects a diversity of ecological niches and functions (Frontier and Leprêtre, 1998; Wiens, 1989) , this high taxonomic distinctness realised with few species may suggest that, in S5, the functional diversity of carnivorous fish is kept despite of a low number of species due to oligotrophic conditions. As a consequence, in this S5 stratum, there would be a low functional species redundancy, implying a sensitivity of this deep-water assemblage to disturbance. Nevertheless, it should also be stressed that S5 does not include all the areas around the Islands as did the other strata, but was restricted to a small area. This stratum has both a very low species richness and a strongly dominant species. It may represent a restricted homogeneous habitat, while shallower strata may be more habitat heterogeneous (so that a part of what was ascribed here to the alpha diversity could be beta diversity).
Beta diversity is most often dealt with in terms of species richness and comparison of species composition. Estimates of beta diversity may then be sensitive to sample size. Here, alpha diversity was estimated from several Hill's indices and the relationships between point, alpha and beta diversity were investigated in terms of species richness.
As S is sensitive to the sample size, it is worth noting that lower values were observed in the two most intensively sampled strata (S1, S2) and higher values in strata with smaller sample size (S3, S4). As the sample size plays the around way round ( S increases with sample size), this is not an artefact. However, the scatter plot of N 0 vs. λ (Fig. 5) rather suggests a common relationship between the two from S1 to S4. The smaller S in S1a, S1b and especially S5 also appears graphically. The comparisons between the point diversity and the alpha diversities of different orders make a complementary approach to the beta ( S ) diversity. Over the full range of Hill's indices, the alpha diversity in S5 is low compared with λ. In the other strata, the relationship between point and alpha diversity is similar when this latter is defined in terms of N 0 and N 1 , it weakens for N 2 and may invert for N ∞ (Fig. 5) .
Relationships with other approaches
The indicator species can be regarded as major contributors to the beta diversity. For example, the low S in S5 is related to the fidelities of 3 of the 5 species caught in this stratum. On the other hand, the same 3 species should represent most of the high D between S4 and S5. Fidelities and specificities can be regarded as the species-specific counterpart of the beta diversity.
Another representation of the beta diversity along the depth gradient is a curve of the cumulative number of species observed with increasing depth (Fig. 6 ). This shows a major change at the shelf break where no new species appear over a wide depth range. At the same depth many species had their last occurrence suggesting that it is a depth range where shelf species extend toward the slope but there is no typical fish fauna there. Then, several new species are found at the start of S2 implying a high value of D between S2 and shallower strata (S1 or the substrata S1b). Deeper, S3 brings almost no new species but some disappear. In S4 and to a lesser extend in S5, there is a visible break both in terms of first and last occurrence. All this is consistent with the D series.
Availability of longlining data, selectivity and potential use of the proposed approach
The species richness observed from longline sampling is lower than that obtained from trawl sampling (Connolly and Kelly, 1996; Hareide, 1995; Reinert, 1995) . This is probably the main reason why longline data are rarely used for ecological purposes. Along the slope, the species caught are large predators such as chondrichthyans and several large gadiform, scorpaeniform and trichiurid species. The abundant deep-sea scavenger, Synaphobranchus kaupi, is also caught while the large predator Hoplostethus atlanticus and the abundant North Atlantic Coryphaenoides rupestris hardly take any bait. However, any kind of trawl is selective too. At slope depth, it was shown that analyses relying on one single gear could provide little ecologically relevant information (Gordon, 1986; Gordon and Bergstad, 1992; Gordon et al., 1996; Merrett et al., 1991) . Nevertheless, we believe that in areas where only longlines can be operated, this restricted data should be used. Where exploitation relies primarily upon longlining, behaviourally dominant predators (Godø et al., 1997) , and the largest individuals (Engås et al., 1996; Hareide, 1995; Løkkeborg and Bjordal, 1992; Reinert, 1995) , better competing for bait, should undergo a higher fishing mortality. Species caught on longlines are often the most long-lived in a given ecosystem and they also often represent the most valuable fishery-exploited species. The combination of the two characters make these species highly sensitive to exploitation in particular in the case of the deep waters and hence more attention should be paid to this valuable but most vulnerable component of the fish assemblage.
In addition to comparison of depth strata, the same method could apply to spatial differences and be expanded to investigations of changes over time. The latter application may become of major interest in the context of marine protected areas (MPAs). For example, if MPAs were set to protect seabeds from human impact, the use of trawling for sampling would not be desirable. Submersibles and remote operation vehicles (ROVs) are then likely to become the major tools for field studies. However, ROVs are unlikely to become easily available except for large research programs, Fig. 5 . Relationship between the point species richness as estimated from the parameter of the Poisson's distribution (λ: x-axis) and Hill's indices of the alpha diversity per stratum. while MPAs may be implemented at local scale for conservation purposes.
Due to overexploitation of numerous shelf resources, the development of fisheries in deeper waters is likely to continue. Time series of longlining surveys in areas such as the Canaries should be useful to monitor such developments. The account of the different components of the diversity should also be generalised as our study highlights that statements such as "diversity peaks at depth of..." can be very misleading. The total diversity of the studied area is a further component (gamma) of the diversity. It was not dealt upon in this paper as it is of little interest when dealing with one single area. In the case at hand, the diversity structure can be summarised as follows. The small scale (point) diversity and the fish density decrease with depth down to 800 m and increases in the deeper strata. The habitat (alpha) diversity decreases along the entire depth gradient but the taxonomic distinctness remains the same. At the same time, the within habitat ( S ) diversity increases down to 800 m and then decreases. The turnover diversity ( D ) suggests two major faunal breaks at the shelf break and at about 800 m. Both the shallowest and deepest strata had low evenness (at least in term of the most usual index, E 1,0 . This is also reflected by the presence of several indicator species in these strata. Thus the carnivorous fish fauna can be understood as comprised of 3 major assemblages: shelf, upper slope and mid-slope that are different both in terms of species composition and point, alpha and beta diversities.
